AIST has Developed Low-K Films Using Borazine-Silicon Polymer 
Material to Demonstrate Low Permittivity of 2.1 or Below 

By Hideki KAME/ Editorial desk 

Yuko UCHIMARU, Chief researcher, Environment conscious 
technology research Dept., AIST has successfully synthesized a 
network-structure polymer (Borazine-Silicon Polymer) in which 
borazine and silicon compounds are alternatively joining to each 
other. Application of the new product to interlayer insulating-film 
materials for multi-layer wiring use was studied in cooperation with 
Masami INOUE, Chief researcher, ASET. As a result, the fact that 
low permittivity of the new material does not exceed 2.1 is 
successfully demonstrated. Furthermore, the same material is used 
for the insulating-layer hard mask necessary for processing the 
low-K organic polymer material and, as a result, the possible 
realization of 2.7 in effective permittivity of the interlayer 
insulating film, which is necessary for processing. 70 nm node, is 
also demonstrated. 

Borazine, which is a six-member ring compound therein 
nitrogen atoms and boron atoms are alternatively joining to each 
other, serves as a row material for boron nitride. Incidentally, 
silicon compound so called is the compound in which organic 
groups, oxygen atoms, nitrogen atoms and/or halogen atoms bind to 
the silicon atoms. Compounds used in this time are those called 
the siloxane or carbosilane. 

As is well known, development of low-k films for the 
processes succeeding to 100 nm is moving ahead. Because of 
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weakness in thermal resistance and mechanical strength, however, 
those films involve a problem that integration with the peripheral 
processes must be studied thoroughly at the time of application to 
mass-production processes. Basically, it is urgently necessary to 
develop quality materials possible to sustain the integration with 
peripheral processes in addition to achievement of low-k materials. 

The borazine-silicon polymer developed by AIST this time is 
a network-structure polymer in which borazine compounds and 
silicon compounds are alternatively joining to each other. It has 
been demonstrated that the polymer is capable to realize 2.1 or 
smaller low-k when being used for interlayer insulating films. 
Mechanical strength and thermal resistance are also reported to be 
sufficient enough to withstand the practical 
interlayer-insulating-film formation processes. 

Furthermore, the polymer does not need any fluorocarbon gas, 
or a global greenhouse gas, for etching processes and therefore it is 
possible to realize the environmentally-friendly CFC-free 
semiconductor processes. Additionally, the polymer excels in 
electrical character, thermo stability and mechanical character 
required for the insulating-film material. It is also reported that 
the polymer bears the optical property having promise as an 
expectable optical material. 

Low-k Permittivity of 2.1 or Less is Possible 

AIST has developed a world's first network-structure 
polymer in which borazine compounds and silicon compounds are 
alternatively joining to each other. In cooperation with ASET, the 
borazine-silicon polymer developed by AIST has been formed into 
thin films to study the usefulness of the new material. As a result 
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of the cooperative work, it has been demonstrated that the polymer 
is able to indicate low-k characteristic of 2.1 or less which is useful 
for interlayer insulating films required for the third-generation 
semiconductors. 

Excel in mechanical character, thermostability and optical property 
The new material has been evaluated by using the 
nano-indentation method (one of methods for evaluating the 
mechanical characteristics by thrusting a small pin under a constant 
load against the film to be measured and, from the indentation of 
pin, by calculating the physical values, such as film hardness and 
elastic modulus.). Test results of LOG Pa in hardness and 15G Pa 
in elastic modulus indicates the mechanical characteristic endurable 
to practical use of the insulating film. 

Additionally, the new material has been compared in 
thermal stability with polyimide, a typical heat-resistant polymer. 
The new material has the sufficiently-high stability of 1% weight 
reduction in the air at 405°C and 5% weight reduction at 564°C (by 
comparison, both of 1% and 5% weight reductions arise at 
four-hundred and tens of temperatures in the case of polyimide). 
Note: Weight reduction temperature is one of indexes used for 
indicating thermal stability - While feeding nitrogen gas or air and 
gradually heating up trace substance from room temperature to 
approximately 1000°C, a temperature is determined at which weight 
reduction reaches a predetermined value. 

Furthermore, refractive index 1.46 (observed wavelength 633 
nm) of the material indicates a value furthermore smaller than 1.51 
of PMMA. Therefore, it is reported that the material is expected to 
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be applicable not only to insulating film but also to optical 
materials. 

Useful for Organic-Insulating-Film Hardmask Material 

The material is sufficiently small in etching rate for the 
plasma etching technique using hydrogen-nitrogen mixed gas. As 
compared with SILK (The Dow Chemical), which is one of typical 
organic polymer insulating film materials, the material 
demonstrates its etching rate seventh part or smaller of the SILK 
etching rate. 

When the material is applied to organic insulating films and 
subjected to the etching test, it has been confirmed that the new 
material is useful also for the hard-mask material. Since the 
material is very low in permittivity in comparison with inorganic 
materials such as silica having permittivity 4 and also it does not 
require the use of CFC chemicals for etching gas, it is reported that 
the material is prospective not only as the insulating film, but also 
as the ideal hard-mask material. 

Contributing to Realization of Eco-Friendly Processes 

For the current Interlayer insulating film etching process, 
CFC chemicals large in global warming potential are used in great 
quantities. The realization of CFC-free interlayer insulating films 
and processes is the task of pressing urgency against global 
warming. 

In that respect, it is demonstrated that the material can be 
etched at a practical rate of 4000 A/min in chlorine gas. For the 
chlorine used for metal-wiring etching gas in the current process, 
retrieval technique has already been established. Accordingly, it is 
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reported that the new material is able to contribute to building of the 
eco-friendly CFC-free multilayer wiring formation technology. 

In the future, study for the molecular-structure optimization 
and preservation stability will be made toward the furthermore 
reduction in permittivity and increase in mechanical strength of this 
borazine-silicon polymer material, development of the integration 
technology using the material will be made, and practical use of the 
material will be furthermore promoted through wiring tests. 

The research presentation is scheduled in the following 
opportunities: 

"2002 MRS Spring Meeting" in San Francisco started on 1 st , April 
2002, and "International SEMATECH Ultra Low k Workshop" in 
USA in June 2002. 
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